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O 1 I. INTRODUCTION 
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The success of the standard model of strong and electroweak interactions has been verified experimentally with 
O ' high accuracy at present collider energies. Based on the common opinion that the standard model is not the final 
theory of elementary particle world, many extensions of the standard model are studied extensively to look for new 
■ physics beyond it at higher energies. 

New physics has been searched via several exotic particles such as leptoquarks, bileptons, diquarks and many more 
I , which are not covered by the standard model. In this work we study bileptons which are defined as bosons carrying 
' lepton number L=2 or 0. Therefore they couple to two standard model leptons but not to quarks. Bileptons appear 
\Q , in models where SU(2) L gauge group is extended to SU(3) 0. Bileptons are also obtained in models with extended 
Higgs sectors that contain doubly charged Higgs bosons (2j. Grand unified theories, technicolor and composite models 
predict the existence of bileptons as well as other exotic particles ■ Classification and interactions of bileptons are 
provided by several works 4] and a comprehensive review has been presented in [f| including low and high energy 
| bounds on their couplings. Indirect constraints on the masses and couplings of doubly charged bileptons have been 
. obtained from lepton number violating processes and muonium-antimuonium conversion experiments [6|, l3> 13 12( • 

A recent search for doubly charged bilepton (as Higgs boson) has been performed by DELPHI collaboration at 
LEP2 [l(J 

At LEP fermion pair production is the unique reaction to test the standard model at loop correction level |ll| . 
Oh! Therefore one needs precision calculations including QED and weak corrections for reliable comparison with ex- 
& periments. ZFITTER is one of the standard model program developed to compute scattering cross sections and 
assymmetries for fermion pair production in e + e~ collision with QED and electroweak corrections [T^. Using cross 
. section calculations with ZFITTER realistic limits for new physics can be obtained from LEP data. Since QED 
corrections are model independent (well-defined if couplings, mass and width of new particles are fixed), the usual 
convolution formulae can be applied for total cross section 



i 



X 



a(s) = / dv a°(s') R(v) (1) 



with v = 1 — s'/ s and the flux factor R(v) (radiator) is not influnced by new particles such as bileptons. Above equation 
can be straightforwardly generalized to different assymmetries Afb, A po i, Alr or to scattering angle distribution 
da I cos 9 with different effective Born terms and radiators. Final state acollinearity cut and minimum energy can also 
be applied. 

Contribution of doubly charged bileptons to Bhabha scattering is the subject of the present article 

e+e--(7,Z,L— )-e+e-( 7 ) (2) 
where L is doubly charged bilepton. With the influence of bileptons the cross section covers: standard model terms 
with electroweak and QED corrections arising from 7, Z exchanges and their interferences; virtual bilepton exchange 
with QED correction as explained above; interference terms of bilepton with 7, Z. 
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For complete radiative corrections to Bhabha scattering ZFITTER has limitation especially for higher acollinearity 
angles. But for small acollinearity angles the results are reasonable for our purpose. 



II. INTERACTION LAGRANGIAN AND BHABHA SCATTERING 



General effective lagrangian describing interactions of bileptons with the standard model leptons is generated by 
requiring SU(2) L x U(1) Y invariance. We consider lepton flavor conserving part of the lagrangian and L=2 bileptons 
as follows: 



£l=2 = gi£ c ia 2 £L 1 + g\e c R e R L x 

+ g2£ c i(T2j^e R L% + g 3 l c ia 2 al .L 3 + h.c. (3) 

In the notations we have used I is the left handed SU(2)t lepton doublet and e R is the right handed charged singlet 
lepton. Charge conjugate fields are defined as ip c = Cty and <j\, a 2 , a 3 are the Pauli matrices. The subscript of 
bilepton fields L lt2 , 3 and couplings 31,2,3 denote SU(2) L singlets, doublets and triplets. 

Here we are interested only in doubly charged bileptons. In order to express the lagrangian in terms of individual 
electron, bileptons and helicity projection operators Pr/l = j(l± 75) we expand the Pauli matrices and lepton 
doublets and write the lagrangian as : 

C L =2 = .91 L++ e c P R e + g 2 L++ e c ^P L e 

-V2g 3 L++ e c P L e + h.c. (4) 

where superscripts of bileptons stand for their electric charges. 

Doubly charged bileptons contribute Bhabha scattering through their u-channel exchange. For the scalar Lg ~~ 
exchange, the polarized differential cross section in terms of mandelstam invariants s, t and u is given by 
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where the definition of mandelstam variables, polarization factors and Cl, Cr are as follows: 
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Bilepton coupling ^/2g 3 in the lagrangian has been replaced by g^ in the cross section and P± is the polarization of 
positron or electron beams. Electromagnetic coupling g e is defined by g\ = iira. Together with polarization factors 
the differential cross section is consistent with the one used in ZFITTER in the case of the standard model. 

For vector bilepton exchange with replacement g 2 —* gh the differential cross section can be found as below: 
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Investigation of new physics beyond the standard model can be divided into three regions according to new physics 
energy scale A : yfs << A leads to effective lagrangian, four fermion contact interactions; yfs » A new physics, new 
particles; yfs ~ A strongly depends on model. At LEP energies we assume that bilepton masses are larger than yfs 
and u « M\ ~ A 2 . Then we take into account the approximation in the bilepton propagator: 



_4 1l_ do) 

- M\ ~ Ml { ' 



which reduces the number of parameters. 



III. RESULTS AND DISCUSSION 



Based on the previous considerations, bilepton parts of the cross section have been included into BHANG which 
runs together with ZFITTER6.36. 

Ratios of Bhabha scattering cross sections from ZFITTER with and without bilepton exchange a(j, Z, L~~)/a( r y, Z) 
are shown in Fig. ^ as a function of g 2 L /Ml at yfs = 192 GeV for scalar and vector bileptons. Curve corresponding 
vector bilepton exchange deviates more rapidly from standard model curve than the case of scalar one. 

Measured cross sections with OPAL detector at LEP have been used for our analysis I n order to give an idea 
about the comparison Table [I] shows the experimental values of the total cross sections and predicted standard model 
values from ZFITTER6.36 at LEP2 energy region yfs = 183 — 202 GeV for two scattering angular regions. Since 
ZFITTER is not good for high acollinearity angles in the case of Bhabha scattering we have chosen the measured 
cross sections only for 9 aco [ < 10°. 

We have used simple x 2 criterion from measured cross section to estimate upper limit on g\/Ml. For combined 
results following expression can be considered: 



exp _ new 



A e * p = <J exp ^/s2 tat + 5% s (12) 

where i represents energy index corresponding energy values, cross sections and experimental errors in Table ID Using 
the equation \ 2 ~ Xmin = 2-7 for one parameter, one sided analysis at 95% confidence level, the upper limits on the 
g 2 L /Ml for scalar and vector bileptons are provided in Table ITU and Table ITlTI From tables, combined results for upper 
limits are 3.5 x 10~ 5 , 1.9 x 1CT 4 in the case of scalar bileptons and 9.8 x 10 -6 , 7.4 x 10~ 5 for vector bileptons 
depending on angular regions. 

Present limits for doubly charged bileptons are given below to compare with our results: g e e9nfi/M 2 < 5.8 x 10 -5 
at 90% C.L. (from muonium-antimuonium conversion), g 2 e /M 2 < 9.7 x 10~ 6 at 95% C.L. (from Bhabha scattering) 
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FIG. 1: Ratios of cross sections a("/,Z,L )/cr( r f,Z) from ZFITTER with and without bilepton exchange. 



TABLE I: Measured cross sections with OPAL detector at LEP for two different angular regions with 9 aC oi < 10° . The first 
error shown is statistical, the second systematic. The standard model cross sections are predicted by ZFITTER6.36 



GeV 


a(pb) 


- SM (pb) 


a(pb) 


- SM (pb) 




| cos 6»| < 0.7 


| cos 6»| < 0.7 


| cos 6»| < 0.96 


| cos#| < 0.96 


183 


21.7±0.6±0.2 


20.9 


333.0±3.0±4.0 


320.7 


189 


20.08±0.33±0.10 


19.55 


304.6±1.3±1.4 


300.7 


192 


19.6±0.8±0.1 


18.9 


301.4±3.3±1.5 


291.4 


196 


18.6±0.5±0.1 


18.1 


285.8±2.0±1.5 


279.6 


200 


18.2±0.5±0.1 


17.4 


273.0±1.9±1.4 


268.5 


202 


17.9±0.7±0.1 


17.0 


272.0±2.8±1.4 


263.3 



in Ref.H g 3 /M < (2600) -1 from muonium-antimuonium conversion, at 95% C.L. in Ref.|3 g 3 /M < (215)" 1 at 90% 
C.L. in Ref.tl g 3 /M < (340)" 1 at 95% C.L. in Ref.Q Here all masses are in GeV units. 

In conclusion, it is probable that if complete radiative corrections to Bhabha scattering arc realized by ZFITTER 
as well as e + e~ — * process, more stringent and realistic limits will be obtained for doubly charged bileptons. 
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TABLE II: Upper limits on the gf,/Mi for doubly charged scalar bileptons at 95% C.L. Combination of results are also shown 
in the last row. Acollinearity cut 8 a coi < 10° is considered and masses are in units of GeV. 



y/s GeV 


9l 


A 




| cos 9\ < 0.7 


\ cos6\ < 0.96 


183 


< 5.5 x 10~ 5 


< 4.1 x 10~ 4 


189 


< 4.2 x 10~ 5 


< 2.5 x 10~ 4 


192 


< 5.5 x 10" 5 


< 3.2 x 10~ 4 


196 


< 4.5 x 10~ 5 


< 2.6 x 10~ 4 


200 


< 4.3 x 10~ 5 


< 2.4 x 10~ 4 


202 


< 4.8 x 10" 5 


< 2.7 x 10 -4 


Combination 


< 3.5 x 10" 5 


< 1.9 x 10~ 4 



TABLE III: Upper limits on the g£/Af£ for doubly charged vector bileptons at 95% C.L. Combination of results are also shown 
in the last row. Acollinearity cut 8 aco i < 10° is considered, and masses are in units of GeV. 



y/s GeV 


2 
3l 

"*£ 


2 
9t 

"*£ 




|cos0| < 0.7 


|cos6»j < 0.96 


183 


< 2.0 x 10" 5 


< 1.8 x 10" 4 


189 


< 1.3 x 10~ 5 


< 1.0 x 10~ 4 


192 


< 2.0 x 10 -5 


< 1.4 x 10~ 4 


196 


< 1.5 x 10~ 5 


< 1.1 x 10~ 4 


200 


< 1.4 x 10~ 5 


< 1.0 x 10~ 4 


202 


< 1.7 x 10~ 5 


< 1.2 x 10 -4 


Combination 


< 9.8 x 10" 6 


< 7.4 x 10 -5 



[1] P.H. Frampton, Int. J. Mod. Phys. A 13 (1998)2345. 

[2] J.F. Gunion, H.E. Haber, G. Kane, S. Dawson The Higgs Hunters Guide, Addison-Wesley (1990); K.Huitu and J. Maalampi, 
Phys. Lett. B 344 (1995)217. 

[3] G.G. Ross, Grand Unified Theories, Benjamin- Cummins (1985); E. Fahri, L. Suskind Phys. Rep. 74 (1981) 277; E. Eichten 
et al, Rev. Mod. Phys. 56 (1984)579; W. Buchrmiller, Acta Phys. Austr. Suppl XXVII (1985)517. 

[4] T. Rizzo, Phys. Rev. D 27 (1983)657; N. Lepore, B. Thorndyke, H. Nadeau and D. London, Phys. Rev. D 50(1994)2031; 
G. Barenboim, K. Huitu, J. Maalampi and M. Raidal, Phys. Lett. B 394 (1997)132; J.F. Gunion, Int. J. Mod. Phys. A 
13 (1998)2277. 

[5] F. Cuypers and S. Davidson, Eur. Phys. Jour. C 2 (1998)503. 
[6] M.L. Swartz, Phys. Rev. D 40 (1989)1521. 

[7] H. Fujii, Y. Mimura, K. Sasaki and T. Sasaki, Phys. Rev. D 49 (1994)559. 
[8] D. Chang and W. -Y. Keung, Phys. Rev. Lett. 62 (1989)2583. 
[9] L. Willmann et al, Phys. Rev. Lett. 82 (1999) 49. 
[10] DELPHI Collaboration, J. Abdallah et al, Phys. Lett B , CERN-EP/2002-07. 

[11] A. Sirlin, Ten years of precision electroweak physics, 19th Int. Symp. on Lepton and Photon Interactions at High Energies 

(LP99), Stanford, California, 9-14 Aug. 1999, hep-ph/9912227 
[12] D. Bardin, P. Christova, M. Jack, L. Kalinovskaya, A. Olshevski, S. Riemann and T. Riemann, Fortran program package 

ZFITTER v.6.30 and description: ZFITTER v. 6. 21: A semi-analytical program for fermion pair production in e + e~ 

annihilation, preprint DESY 99-070 (1999). 
[13] The OPAL Collaboration, G. Abbiendi et al, CERN-EP/98-108; The OPAL Collaboration, G. Abbiendi et al, CERN- 

EP/99-097;The OPAL Collaboration, G. Abbiendi et al, preprint OPAL Physics Note PN424 (2000); 
[14] P.H. Frampton and D. Ng, Phys. Rev. D 45 (1992)4240. 



